Introduction
Relative fertilizing ability of the sperm cell in chickens is difficult to estimate primarily because estimation is based on the proportion of physiologically intact cells in an extremely large population of cells. In cattle, fertility is asymptotically approached to the maximum fertility level with an increasing value of certain semen characteristics (Salisbury & VanDemark, 1961) . In chickens, Wishart (1985) reported that only 1-6% of the frozen sperm cells kept their fertilizing ability. His observation was based on a comparison of fertility when inseminating different numbers of sperm cells. Heterospermic insemination has been used to evaluate the relative fertilizing ability of unfrozen spermatozoa in chickens (Martin et al, 1974; Martin & Dziuk, 1977) , in cattle (Beatty et al, 1969) and in rabbits (Roche et al, 1968; O'Reilly et al, 1972) . Heterospermic inseminations are more sensitive for evaluating treatment differences in chicken semen than are homospermic inseminations (Martin & Dziuk, 1977) . Also, heterospermic inseminations are not influenced by total sperm numbers, breed of hen or season but are dependent on the ratio of competing sperm numbers (Martin et al, 1974) . The present experiment applied the principle of heterospermic competition to estimate the relative fertilizing ability of frozen chicken spermatozoa.
Materials and Methods
Semen was collected from at least 10 proven Rhode Island Red (RIR) and White Leghorn (WL) roosters by the method described by Burrows & Quinn (1937 (u) semen from WL and RIR birds were mixed 1:1 as follows: Group I, u-WL + u-RIR; Group 2, f-WL + f-RIR; Group 3, u-WL + f-RIR; Group 4, f-WL + u-RIR. Semen was rediluted by adding unglycerolated chicken buffer at 0-2 ml/min for the first 10 min followed by 0-4 ml/min for the next 10 min. Rediluted semen was then centrifuged at 700g for 20 min. After removing the supernatant, semen was resuspended with unglycerolated chicken buffer at a rate of 004ml/min for the first 10min followed by the same volume every 30sec until the sperm number reached 450 109/ml. After reconstitution, 100 µ semen per bird were inseminated intravaginally. RIR hens with good laying records were randomly assigned to 1 of the 4 groups: 5 hens were assigned to Group 1, and 8 hens were assigned to each of the other 3 groups. The hens were inseminated once a week for 4 weeks. All eggs were incubated until hatched. In each treatment group, the number of chicks with white or red feathers were counted. The WL carries a dominant pigment inhibitor gene and so male parent identity can be ascertained in newly hatched chicks. Unhatched fertilized eggs were broken. The feather colour of the chicks of late embryonic death was also included in the data.
The data constitue a 2 2 factorial design for the factors of feather colour (WL/RIR) and freezing (frozen/ unfrozen) with 4 replicates (eggs from each week). The feather colour of each chick is either WL or RIR, and the probability of each possible result depends on which combination of semen was used. A plausible model would be that these probabilities are proportional to the product of 2 factors, (1) a breed factor reflecting possible differences in the overall fertility of the 2 breeds, and (2) a factor for whether that semen was frozen or unfrozen. Each egg obtained from each treatment group in each week then constitutes a Bernouilli trial. This log linear model is effectively analysed using a logistic model (Bishop et ai, 1975; Fienberg, 1980) as follows. Let i denote the treatment group and j the week.
Let ,, be the total number of eggs obtained in this group and week whose feather colour could be determined, x¡j the number that were RIR. Then x^f ollows a binomial distribution with parameters n¡¡ and p¡j, with the probability p¡j being given by the logistic model:
log.-C. This model was fitted using the CATMOD procedure from SAS (1985) for categorical data analysis. This procedure fits linear models to functions of response frequencies using categorical data modelling. CATMOD estimates a probability vector and covariance matrix using the multinominal distribution and uses the maximumlikelihood iterative method to estimate the parameters of log linear response functions. The CATMOD procedure also uses the weighted-least-squares method for testing 2 goodness of fit for the model and significance of other sources of variance. This procedure is comparable to GLIM 3-77 (NAG, 1986) .
The composition ofthe MnA buffer (100 ml) was: 4 g Tes (A-Tris(hydroxymethyl) methyl-2-aminoethane sulpho¬ nic acid), 4 g Hepes (Ar-2-hydroxyethyl-piperazine-A'-2-ethane sulphonic acid), 3 g Bes (/V,/V-bis(2-hydroxyethyl)-2 aminoethane sulphonic acid), 1 g potassium hydroxide, 10 g glucose, 0-7 g sorbitol, 70 g potassium phosphate dibasic, 1-6 g potassium phosphate monobasic, 0-8 g sodium phosphate dibasic, 0-5 g potassium citrate, 0-35 g magnesium sulphate, 21 g L-glutamic acid (monopotassium salt), 60 g L-glutamic acid (monosodium salt), 2-5 g sodium acetate, and 21 g potassium acetate, pH 7-1 and osmotic pressure 370 mosmol/kg.
Results
Weekly results, including number of eggs laid per treatment, number of eggs hatched, and number of RIR hatched are shown in Table 1 . The percentage hatch of total eggs for the mixture of u-WL + u-RIR was 81-3 compared to 441 for the mixture of f-LW + f-RIR, reflecting the difference between fresh and frozen semen. However, the mixture of fresh + frozen semen yielded 95-8 (u-WL + f-RIR) and 73-9 (f-WL + u-RIR) percentage hatch of total eggs.
The parameter estimates (Table 2) show that both the intercept (ß0) and indicator (ß,) variables were significant (P < 001 and < 0001, respectively). The model exhibited no significant lack of fit, and the week effects were not significant. From the way the indicator variable is defined, an estimate for the indicator variable is interpreted as the effect of freezing on the relative fertilizing where e = base ofthe natural logarithm. Therefore, it was concluded that the relative fertilizing ability of the sperm cells was reduced to 19-7% of the unfrozen spermatozoa and RIR spermatozoa were on the average 1 -50 times more fertile than WL spermatozoa in all ofthe 4 groups tested.
Discussion
In the present experiment, the relative fertilizing ability of the frozen chicken spermatozoa was estimated to be 19-7% that of unfrozen sperm cells. This value is over 10 times higher than the estimation by Wishart (1985) who reported that only 1-6% of frozen chicken spermatozoa retained their fertilizing ability. The differences in the estimates are presumably due to a completely different experimental approach. Wishart (1985) compared fresh, untreated control semen with frozen, glycerolized semen that was centrifuged and washed after thawing. However, we also glycerolized, centrifuged and washed the unfrozen control semen so that only the effects of frozen versus non-frozen semen were compared. This treatment of fresh semen was not excessively detrimental when compared to results of other studies. The 81-3% hatch of total eggs for u-WL + u-RIR was lower than the 90· 1 % for untreated fresh semen reported by Lake et ai (1981) but higher than the 76% (fresh pooled semen) and 73% (fresh, individual male) reported by Ivanov et al (1982) .
Fertility often fluctuates due to the physiological status of the hens, management conditions and climatic conditions. Khovnir et al (1984) reported that fertility of frozen chicken semen ranged from 59-4 to 86-8%. Semen diluent, freezing, thawing, and deglycerolation procedures strongly influence fertility (Sexton, 1979) Allen & Champion (1955) reported that there was no difference in fertility due to breed of hen but there were differences due to % motile and defective spermatozoa. Khovnir et al (1984) reported that there were significant differences in fertility between breeds. The use of pooled semen, as in this study, minimizes the effects of individual males and improves the appraisal of freezing effects. However, there apparently was a difference in fertility between RIR and WL semen. The term "relative fertilizing ability" was used by Martin & Dziuk (1977) and Martin et al (1974) . In this report, "relative fertilizing ability" is defined as a measure for the proportion of sperm cells that are functionally fertile in a given population of sperm cells. Increasing sperm numbers may increase fertility but the relative fertilizing ability (the proportion of sperm cells that are functionally fertile) may not be changed. Therefore, fertility and relative fertilizing ability should be strictly differentiated.
In summary, the heterospermic competition method is a very powerful tool for estimating the relative fertilizing ability of spermatozoa with different physiological conditions when combined with the appropriate statistical procedures.
